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METHOD, SYSTEM, PROGRAM, AND DATA 
STRUCTURE FOR PIVOTING COLUMNS IN 

A DATABASE TABLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to the following co-pending 
and commonly-assigned patent applications, all of Which are 
?led on the same date herewith, and Which are incorporated 
herein by reference in their entirety: 

“Method, System, Program, And Data Structure for 
Transforming Database Tables,” to Mark A. Cesare, 
Tom R. Christopher, Julie A. Jerves, Richard H. Man 
del III, and having US. application Ser. No. 09/400, 
507; 

“Method, System, Program, and Data Structure for Clean 
ing a Database Table,” to Mark A. Cesare, Tom R. 
Christopher, Julie A. J erves, Richard H. Mandel III, and 
having US. application Ser. No. 09/399,694; 

“Method, System, and Program for Inverting Columns in 
a Database Table,” to Mark A. Cesare, Julie A. Jerves, 
and Richard H. Mandel III, and having US. application 
Ser. No. 09/400,690; and 

“Method, System, Program, And Data Structure For 
Cleaning a Database Table Using a Look-up Table,” 
Mark A. Cesare, Julie A. Jerves, and Richard H. Man 
del III, and having US. application Ser. No. 09/401, 
006. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method, system, 
program, and data structure for pivoting column ?elds in a 
database table and, in particular, pivoting ?elds in multiple 
columns of an input table into feWer ?elds in an output table. 

2. Description of the Related Art 
Data records in a computer database are maintained in 

tables, Which are a collection of roWs all having the same 
columns. Each column maintains information on a particular 
type of data for the data records Which comprise the roWs. 
Adata Warehouse is a large scale database including millions 
or billions of records de?ning business or other types of 
transactions or activities. Data Warehouses contain a Wide 
variety of data that present a coherent picture of business or 
organiZational conditions over time. Various data analysis 
and mining tools are provided With the data Warehouse to 
alloW users to effectively analyZe, manage and access large 
scale databases to support management decision making. 
Data mining is the process of extracting valid and previously 
unknoWn information from large databases and using it to 
make crucial business decisions. In many real-World 
domains such as marketing analysis, ?nancial analysis, fraud 
detection, etc, information extraction requires the coopera 
tive use of several data mining operations and techniques. 
Further details of data Warehousing and data transforms, are 
described in the IBM publications “Managing Visual 
Warehouse, Version 3.1,” IBM document no. GC26-8822-01 
(IBM Copyright, January, 1998), Which is incorporated 
herein by reference in its entirety. 

Once the desired database tables have been selected and 
the data to be mined has been identi?ed, transformations on 
the data may be necessary. In particular, many database 
tables may not have an optimal design for executing SQL 
queries. Many database programs, such as the IBM DB2 
Universal Database program, provide numerous column 
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2 
functions, also referred to as set or aggregate functions. 
Column functions operate on a set of values (a column) and 
reduces a set of values in one or more columns from one or 

more roWs to a single scalar value. Some column functions 
that perform operations on the roWs in a column include 
average, count, maximum, minimum, standard deviation, 
sum, variance, etc. These column functions are particularly 
useful for performing statistical and other analysis on data in 
a column. 

When an enterprise receives data in a spreadsheet or 
database format, the data may not be arranged in a table/ 
column roW format that is suited for application of column 
functions and other column based analysis, Which is one of 
the more efficient types of SQL data analysis. For instance, 
data that the user may Want to group together for applying 
column functions and other analysis may be spread out 
across different columns. 

Thus, there is a need in the art for a method and system 
for transforming database tables in a manner that makes 
them more ef?cient to perform analysis. 

SUMMARY OF THE PREFERRED 
EMBODIMENTS 

To overcome the limitations in the prior art described 
above, preferred embodiments disclose a a method, system, 
and program for transforming at least one column in an input 
table. An input data table has multiple columns and roWs. A 
determination is made of multiple data column names and 
multiple pivot columns in the input table: AroW is generated 
in an output table for each data column name, having one 
data column name ?eld including one data column name and 
at least one pivot column ?eld including the value in one 
pivot column ?eld in the input table, Wherein each of the 
roWs in the output table for each data column name has 
different values in at least one of the data column name ?eld 
and pivot column ?eld. 

In further embodiments, each pivot column ?eld in one 
roW in the input table is copied to one pivot column ?eld in 
one roW in the output table. This causes the transfer of 
multiple pivot column ?elds in the input table to one pivot 
column in ?eld in multiple roWs in the output table. 

In still further embodiments, for each pivot column ?eld 
in the input table there is one roW in the output table having 
one data column name ?eld and pivot column ?eld including 
the pivot column name and corresponding pivot column 
value in the input table, respectively. 

In yet further embodiments, determining multiple pivot 
columns in the input table comprises determining at least 
one pivot group including at least one pivot column in the 
input table. In such case generating the at least one pivot 
column ?eld in the output table roW comprises generating a 
pivot group column in the output table roW for each pivot 
group. Each pivot group column in the output table includes 
a value in one of the pivot column ?elds in the correspond 
ing pivot group in the input table. This aggregates the input 
table pivot columns into one pivot group in one pivot group 
column in the output table. 

Preferred embodiments provide a program for transform 
ing aggregates of multiple column ?elds in an input table to 
multiple roWs in one column of an output table. The pre 
ferred embodiments are particularly useful in situations 
Where a database user Wants to perform column functions, 
such as averaging, summing, maximum, standard deviation, 
etc., on values in ?elds that are spread over multiple columns 
of one or more roWs. The SQL code needed to apply 
common column functions to ?elds spread across columns 
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and roWs could be quite cumbersome. Preferred embodi 
ments pivot aggregates of ?elds dispersed through multiple 
columns and roWs in an input table to feWer columns in an 
output table. By pivoting ?elds from multiple columns into 
a single column in the output table, typical database column 
function could be applied to the roWs in the single column. 
This Would alloW the user to apply basic and straightforWard 
SQL commands and column functions to perform the analy 
sis of the ?elds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring noW to the draWings in Which like reference 
numbers represent corresponding parts throughout: 

FIG. 1 illustrates a computing environment in Which 
preferred embodiments are implemented; 

FIG. 2 illustrates the parameters used in a transform 
command to pivot the columns of an input table in accor 
dance With preferred embodiments of the present invention; 

FIGS. 3 illustrates an example of hoW a table may be pivot 
transformed in accordance With preferred embodiments of 
the present invention; 

FIGS. 4a and 4b illustrate graphical user interfaces (GUI) 
panels for entering pivot transform rules in accordance With 
preferred embodiments of the present invention; 

FIGS. 5a and 5b illustrate logic to perform a pivot 
transform operation in accordance With preferred embodi 
ments of the present invention; and 

FIGS. 6a, 6b, and 7 illustrate examples of the application 
of pivot transform rules to input tables to produce trans 
formed output tables in accordance With preferred embodi 
ments of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the folloWing description, reference is made to the 
accompanying draWings Which form a part hereof and Which 
illustrate several embodiments of the present invention. It is 
understood that other embodiments may be utiliZed and 
structural and operational changes may be made Without 
departing from the scope of the present invention. 

Computing Environment 

FIG. 1 illustrates a computing environment 2 in Which 
preferred embodiments are implemented. The environment 
2 includes a server 4 and client 6. The server 4 and client 6 
Would include an operating system, such as MICROSOFT 
WINDOWS 98 and WINDOWS NT, AIX, OS/390, OS/400, 
OS/2, and SUN SOLARIS,** and may be comprised of any 
suitable server and client architecture knoWn in the art. The 
server 4 and client 6 include a database program 8a and 8b, 
Wherein 8a comprises the server 4 side of the database 
program and 8b comprises the client 6 side. The server 4 and 
client 6 may communicate via any communication means 
knoWn in the art, such as a telephone line, dedicated cable 
or netWork line, etc, using any protocol knoWn in the art 
including TCP/IP netWork (e.g., an Intranet, the Internet), 
LAN, Ethernet, WAN, System Area NetWork (SAN), Token 
Ring, etc. Alternatively, there may be separate and different 
netWorks betWeen the servers 4 and client 6. 

The client/server database programs 8a, b, may be com 
prised of any client/server database program knoWn in the 
art, such as DB2, Oracle Corporation’s ORACLE 8, and 
Microsoft SQL Server,* * etc. The database programs 8a and 
8b are used to access operations and perform operations With 
respect to information maintained in one or more databases 
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4 
10. The database(s) 10 Would consist of multiple tables 
having roWs and columns of data, e.g., tables 14 and 18. 
Further details of the architecture and operation of a data 
base program are described in the IBM publications “DB2 
for OS/390: Administration Guide, Version 5” IBM docu 
ment no. SC26-8957-01 (Copyright IBM. Corp., June, 1997) 
and “A Complete Guide to DB2 Universal Database,” by 
Don Chamberlin (1998), Which publications are incorpo 
rated herein by reference in its entirety. 

In preferred embodiments, the pivot transform program is 
implemented using the IBM stored procedure database pro 
gram structure. A stored procedure is a block of procedural 
constructs and embedded SQL statements, i.e., an applica 
tion program, that is stored in a database and can be called 
by name. Stored procedures alloW an application program to 
execute in tWo parts. One part runs on the client and the 
other on the server. This alloWs one client call to produce 
several accesses of the database from the application pro 
gram executing on the system, i.e., server including the 
database. Stored procedures are particularly useful to pro 
cess a large number of database records, e.g., millions to 
billions of records, Without having to transfer data betWeen 
the server 4 and client 6. The client stored procedure passes 
input information to the server stored procedure Which then, 
executing Within the database program 8 including the 
database 10, processes numerous database records according 
to such client input information. The server stored procedure 
program is initiated by the client, and during execution the 
client cannot communicate With the stored procedure 
executing in the server. Further details of stored procedures 
are described in the publication “A Complete Guide to DB2 
Universal Database,” “A Complete Guide to DB2 Universal 
Database,” Which Was incorporated by reference above. 
The pivot transform of the preferred embodiments is 

implemented as a stored procedure application program 12 
in the server 4. The pivot transform stored procedure 12 
receives as input a name of an input table 14 from the 
database 10, and transform rules 16 from the client 6 
specifying the pivot operations to perform on columns in the 
named input table 14. The results of the pivot operations 
performed by the pivot transform stored procedure 12 in 
response to the transform rules 16 are generated into the 
output table 18. The client side of the pivot transform stored 
procedure 20 generates the transform rules 16 that specify 
the pivot operations to perform and initiate execution of the 
pivot transform stored procedure 12. 

In preferred embodiments, the client side 8b can pass 
parameters to the pivot transform stored procedure 12 as 
“host variables” or embedded in a CALL statement. In either 
case, the parameters or transform rules 16 must be speci?ed 
to control the operation of the pivot transform 12. 

Structure and Operation of the Pivot Transform 

A graphical user interface (GUI) at the client 6 may be 
used to enter various input parameters to control a pivot 
operation. In response to such user input, the client side 20 
Would generate an application program interface (API) call 
to the pivot transform stored procedure 12 including the 
parameters shoWn in FIG. 2 to initiate and control the 
operation of the pivot transform stored procedure 12. The 
pivot parameter ?elds 50 shoWn in FIG. 2 includes an input 
table name 52, output table name 54, log table name 56, run 
ID 58, carry over columns 60, data column names 62, pivot 
columns 64, and a sequential number column 66. 
A pivot operation alloWs a user to aggregate groups of 

columns into a single column spanning the same number of 
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roWs as there are columns in the group. The data in the 
columns selected for pivot are of the same or a promotable 
data type. “Promotable” means that the data type appears in 
the promotion path of the data type of the column. A 
promotion type may comprise: small integer to integer to 
decimal to real to double; character to variable character to 
long variable character to character large object; graphic to 
variable graphic to long variable graphic to double byte 
character large object; etc. 

FIG. 3 illustrates an eXample of a pivot operation on input 
table 30 to yield output table 32. The ?rst and second 
columns 34 of the input table carry into the output table 32. 
The four columns 36 and subsequent four columns 38 form 
tWo pivot groups, each having four columns. The pivot 
transform program 12 generates an output table 32 having 
columns for the tWo carry over columns 40 and tWo pivot 
columns 42, 44 for each of the tWo pivot groups 36, 38. The 
pivot transform program 12, for each roW in the input table 
30, creates a roW in the output table for each column in the 
pivot groups, i.e., four roWs of pivot columns for every roW 
in the input table. In this Way, every ?eld in pivot groups 36 
and 38 and roWs are transformed into one pivot group 
column 42 and 44 in the output table 32, respectively. 

With respect to the parameters 50 shoWn in FIG. 2, the 
input table name 52 speci?es the input table 14 table 
including the columns subject to the pivot operations and the 
output table name 54 speci?es the output table 18 Where the 
pivoted columns from the input table 14 are placed. The log 
table name 56 indicates the name of a log ?le into Which 
Warnings and eXceptions that occur during execution of the 
pivot transform stored procedure 12 are stored. The run ID 
58 appears in the log ?le and is used to identify the pivot 
transform operations for Which the log entry Was made. The 
carry over columns 60 identi?es at least one input column 
from the input table 14 and output columns in the output 
table 18. The carry over column parameter includes a ?rst 
?eld indicating the name of the column and another ?eld 
indicating the actual column number. In the eXample of FIG. 
3, the carry over columns are columns 34 in the input table 
30. This name/column pair of information is included for 
each carry over column. The carry over columns are not 
transferred to a single column as With the pivot columns, but 
are instead copied to the output table in the same column/ 
roW arrangement as they Were prior to the transformation. 

The data column names 62 provides an output column 
into Which input column names are pivoted. If only one 
name ?eld is included in the data column names 62 
parameter, than all the column names in the input table 14 
folloWing the carry over columns are pivoted into the data 
column in the output table, Which folloWs the carry over 
columns. This is useful When the number of columns in the 
input table is not knoWn in advance, and all the column 
names in the input table are to be pivoted into the single data 
column having a name indicated in the only ?eld in the data 
column names parameter 62. If more than one name is 
speci?ed in the data column names parameter 62, then the 
second through n names are entered into the data column. 
This alloWs the user to specify names or values for the data 
column in the output table 18 folloWing the carry over 
columns. 

The pivot columns 64 provides the pivot groups, includ 
ing the columns in the input table 14 for each pivot group, 
that are transferred to a single pivot column in the output 
table 18. If there are multiple pivot groups, each pivot group 
is separated by a semi-colon (“;”). The ?rst ?eld in a pivot 
group indicates the column name of the pivot group, Which 
becomes the name of a pivot group column in the output 
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table 18. The second through n ?elds in a pivot group are the 
input table 14 columns in the pivot group pivoted into the 
single column in the output table 18 having the column name 
indicated in the ?rst ?eld for the pivot group. In preferred 
embodiments, each pivot group has the same number of 
columns, Which is also the same as the number of ?elds in 
the data name column. In the eXample of FIG. 3, the columns 
form tWo pivot groups 36 and 38, Which are each transferred 
to the single pivot columns 42 and 44 in the output table 32. 
If the pivot columns parameter 64 has only one ?eld, then 
only one pivot group column is created in the output table 
18. Every column ?eld in the input table 14 folloWing the 
carry over and data columns is pivoted into a single pivot 
column in the output table 18. 
The sequential number count 66 is the name of the column 

in output table 18 containing sequential number starting at 
one (1) for each roW transferred into the output table 18. This 
parameter Will specify the name of the column including a 
monotonically increasing number for each roW in the output 
table, and an indicator Whether the sequence numbers are 
ascending or descending. 
As discussed the user may enter the parameter informa 

tion through a graphical user interface (GUI) displayed at 
the client 6. FIGS. 4a and 4b illustrate GUI panels 50 and 70 
for alloWing the user to select the parameters 50 used to 
construct a rule 16. The available columns boX 52 Would 
display all available columns in the input data table. The user 
Would highlight an available column (not shoWn) and then 
select one of the displayed columns to add to the carry over 
boX 54 or the pivot boX 56 column. The selected columns in 
the carry over boX 54 Would specify the values for the carry 
over columns 60 parameter and the selected columns entered 
into the pivot columns boX 56 Would provide the values for 
the pivot columns 64 parameter. FIG. 4b provides another 
screen to alloW the user to associate the input table pivot 
columns 72, identi?ed by name, With user selected pivot 
groups 74. Each column in the pivot group is pivoted into the 
same single column in the output table. The user may also 
specify data column names shoWn as data values 76 and a 
data group number 78 for each data value. This data group 
number associates a data column name With one of the 
columns in each pivot group. The column names in boX 76 
are used in the data ?elds of the data column. Based on the 
values entered in the GUI panels 50 and 70, the client side 
of the pivot transform 20 Would generate the transform rules 
16. 

FIGS. 5a, b illustrate logic implemented in the pivot 
transform stored procedure 12 to process the transform rules 
16 including the user set parameters 50 to pivot one or more 
multiple columns in the input table having the input table 
name 52 to the output table having the output table name 54. 
Control begins at block 100 With the pivot transform 12 
receiving client generated pivot transform rules 16. The 
pivot transform 12 then generates (at block 102) a one roW 
table having one column for: each carry over column 
indicated in the carry over columns 60 parameter; the data 
column de?ned in the data column names 60 parameter; and 
each separate pivot group indicated in the pivot columns 64 
parameter. Because each pivot group in the pivot columns 64 
parameter is delimited by a “;”, the number of pivot columns 
equals one plus the number of semicolons in the pivot 
columns 64 parameter. The pivot transform 12 then sets: 
each of the ?rst column names in the output table 18 to the 
name for each carry over column (at block 106); the name 
of the data column folloWing the carry over columns to the 
?rst ?eld in the data column names parameter 62 (at block 
106); and each of the neXt pivot column names to the name 



US 6,604,095 B1 
7 

for each of the pivot groups indicated in ?rst ?eld in each 
pivot group in the pivot columns parameter 64 (at block 
108). The pivot group name is the ?rst ?eld in each pivot 
group in the parameter 64. 

The pivot transform 12 determines the number of m roWs 
in the input table 14 (at block 110) and then determines (at 
block 112) from the pivot columns parameter 64 Whether 
there is only one pivot group having only one ?eld. If so, the 
pivot transform 12 determines (at block 114) the number of 
n columns in the input table 14 folloWing the carry over 
column(s). OtherWise, the pivot transform 12 determines 
from the pivot column parameter 64 the number of n 
columns in the input table 14 aggregated into each of the 
pivot groups. As discussed, each pivot group aggregates the 
same number of columns in the input table 14, Which is also 
equal to the number of ?elds in the data column names 
parameter 62 folloWing the ?rst ?eld. From block 114 or 116 
control proceeds to block 118 in FIG. 5b to copy values from 
the input table 14 to the output table 18 to accomplish the 
pivot transform speci?ed in the transform rules 16. 

Block 118 begins an outer loop iterating for each of the m 
roWs in the input table 14. Block 119 is a ?rst inner loop With 
respect to the outer loop at block 118 iterating for each j 
pivot group indicated in the pivot columns 64 parameter, 
Where p is the number of pivot groups, or number of ?elds 
separated by semicolons. In the case of only one ?eld in the 
pivot columns 64 and data column names 62 parameters, p 
equals one and the loop at block 119 makes only one 
iteration. Block 120 is a second inner loop having as an outer 
loop the ?rst inner loop at block 119, and iterating for each 
of the n columns aggregated in each pivot group. As 
discussed, if each pivot group aggregates multiple columns, 
then n is equal to the number of ?elds in the pivot columns 
parameter 64 for each pivot group, folloWing the ?rst ?eld 
in each group. If a pivot column 64 parameter has only one 
?eld, then the number of columns n equals the number of 
columns in the input table 14 folloWing the carry over 
columns. Within the inner loop at block 120, the pivot 
transform 16 begins by creating (at block 122) a roW in the 
output table 18. The pivot transform 12 then copies (at block 
124) the value for each carry over column in roW i in the 
input table 14 to the ?rst columns in the created roW of the 
output table 18, as the ?rst columns hold the carry over 
values. 

The pivot transform 12 determines (at block 126) Whether 
the pivot columns 64 parameter has only one pivot group 
having only one ?eld; alternatively a determination can be 
made Whether there is only one ?led in the data column 
names 62 parameter. If there is only one ?eld in the pivot 
columns 64 and data column names 62 parameter, then the 
pivot transform 12 sets (at block 128) the ?eld in the data 
column to the name of the kth column of the input table 14. 
OtherWise, the data column ?eld is set (at block 130) to the 
(k+1)th ?eld in the data column names parameter 62. The 
(k+1)th value is used because the ?rst ?eld in the data 
column names parameter 62 has the name of the data 
column. The pivot transform 12 then copies (at block 134) 
the value in the kth column from pivot group j in the input 
table 14 to pivot group column j in the created roW The 
actual column in the input table 14 copied Would be the 
column number equal to (the number of carry over columns 
plus one (for the data column) plus (j—1)*k (for all pivot 
group columns prior to the current pivot group plus k (the 
current column in the current pivot group 

The pivot transform 12 loops (at block 136) back to block 
120 to perform another iteration for the neXt (k+1)th column 
in the pivot groups. After considering all n columns in each 
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pivot group, the pivot transform loops (at block 138) back to 
block 119 to perform another iteration for the neXt (j+1)th 
pivot group. After considering all pivot groups, the pivot 
transform 12 loops back to block 118 to process the neXt 
(i+1)th roW in the input table 14. 

If a sequence number parameter 66 Was speci?ed, then an 
additional column Would be generated into the output table 
18 indicating a monotonically increasing sequence number 
for each roW in the output table. 

Preferred embodiments provide a command data structure 
to control a stored procedure program to pivot columns of 
data in an input table 14 in the database 10. The pivot rules 
may indicate multiple aggregates of columns to pivot into 
one output table 18 column for each aggregate. This alloWs 
a single instance of execution of the transform program to 
pivot all the columns in the input table 14. Preferred 
embodiments thus provide a ?exible and programmable data 
structure and program to provide ?ne grained control of 
pivot operations. Further, With preferred embodiments, the 
client 6 does not increase netWork traffic to perform the pivot 
operations because the client does not transfer the input 14 
and output 18 tables betWeen the database server 4 and client 
6. Instead, the client 6 merely provides a command data 
structure including various parameters and rules to a stored 
procedure 12 that eXecutes in the server 4 to perform the 
pivot operations Within the database program 8 on the server 
4. Such savings in netWork traf?c can be signi?cant When 
very large database tables, including millions or billions, of 
records are pivot transformed. 

FIGS. 6a, b and 7 illustrate eXamples of input tables and 
the output pivoted tables. FIG. 6a shoWs an input table 200 
that has records of craft landings by location of landing, i.e., 
earth or the moon, and date. The columns of the input table 
include a column for each possible landing craft, Which 
includes craft types SolarDrive, Warp, SubWarp, TimeWarp 
for passengers (P) and cargo Each record provides, for 
each date and location, the number of landings for each of 
the possible eight space craft, having the names indicated in 
the column names folloWing the location column. Assume 
the user set the folloWing parameters 50 of a pivot transform 
to apply to the input table 200: 

Carry over columns: date, location; 
Data column names: “Craft”, SolarDrive, Warp, 

SubWarp, TimeWarp 
Pivot Columns: “Passenger,” SolarDriveiP, SubWarpiP, 
WarpiP, TimeWarpiP; 

“Cargo,” SolarDriveiC, SubWarpiC, WarpiC, 
TimeWarpiC; 

The pivot transform 12 Would, according to the logic if 
FIGS. 5a, b and the above rules, generate the output table 
202 in FIG. 6b. The pivot transform 12 Would ?rst generate 
(at block 102) a 5 column table, tWo columns for the tWo 
carry over columns, a “craft” column for the data column, 
and tWo pivot columns, named Passenger and Cargo, for the 
tWo pivot groups, having the names “Passenger” and 
“Cargo” in the ?rst ?eld of each of the tWo pivot groups. The 
pivot transform 12 Would determine (at block 116) that there 
are four columns (n) in each pivot group, one for each 
spacecraft type identi?ed in the data column names, and siX 
roWs in the input table 200. 
The pivot transform 12 Would then take a roW from the 

input table 200, and generate 4 (n) roWs in the output table 
202 for each roW in the input table. Each four roWs in the 
output table 202 Would include: the same carryover date and 
location columns (at block 124); a different data column 
?eld for the four data column names indicating a spacecraft 
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type, shown in the Craft column of the output table 202 (at 
block 130); and a separate Passenger and Cargo column for 
the different values in roW i (at block 134). In this Way, the 
pivot rules specify to create an output table including 
records for each date and location indicating a spacecraft 
type in the data column, and the number of passenger and 
cargo landings in the passenger and cargo pivot group 
columns, respectively. The passenger and cargo columns in 
the output table 202, for each roW, aggregate four pivot 
columns in the input table 200. 

The output table 202 is more amenable to column func 
tions performed on the craft landings by passenger and 
cargo. This alloWs a user to use general column functions to 
analyZe craft landings by passenger and cargo craft types. If 
the user could not perform the transform, then the SQL 
statements needed to perform statistical analysis on craft 
landings by passenger or cargo crafts Would be substantially 
complex as they Would have to apply to ?elds across 
columns in the same roW. Thus, the pivot transform applied 
to input table 200 alloWs the user to transform the input table 
200 to produce an output table 202 particularly suitable for 
column functions on aggregates of spacecraft ?elds from the 
input table. 

FIG. 7 illustrates input 220 and output 222 tables subject 
to a pivot transform in the situation Where the pivot columns 
parameter 64 has only one pivot group With one ?eld name 
and the data column names parameter 62 has only one ?eld. 
BeloW are some of the parameters for the rules to accom 
plish the transform from input table 220 to output table 222. 

Carry Over Columns: Date 
Data Column Names: “Cashier” 
Pivot Columns: “Value” 
Sequential Number Column: ORDER 
The pivot transform 12 Would, according to the logic if 

FIGS. 5a, b and the above rules, generate the output table 
222 from input table 220. The pivot transform 12 Would ?rst 
(at block 102) generate a four column output table, one 
column for the one carry over column “Date,” a “Cashier” 
column for the data column, and one pivot column as there 
is only one pivot group “Value.” The pivot transform 12 
Would determine (at block 114) that the number of columns 
(n) as the number of columns folloWing the carry over 
column is four, one for each cashier. The pivot transform 12 
Would further determine (at block 112) that there are three 
roWs in the input table 220. 

The pivot transform 12 Would then take a roW from the 
input table 200, and generate 4 (n) roWs in the output table 
222 for each roW in the input table 200. Each four roWs in 
the output table 222 Would include: the same carryover date 
column value for roW i (at block 124); one of the four cashier 
names indicated in the column names for the columns 
folloWing the carry over column (at block 128); and the 
number of cashier transactions for roW i for one of the k 
cashiers (at block 134). In this Way, the pivot rules generate 
an output table 222 that has for each roW, a date, one Cashier 
name ?eld indicating the name of an employee operating the 
cash register and a Value column indicating the number of 
transactions for the cashier indicated in the Cashier column 
on the date indicated in the date column. The above pivot 
transform is particularly useful to transform the input table 
220 to a format Where column functions can be performed 
on transactions across cashiers. 

Further, the pivot transform applied to input table 220 is 
particularly useful When a business generates a spreadsheet 
and adds a column for each employee and a value for the 
employee, such as cash register transactions for employees. 
Businesses often generate such spreadsheets having very 
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Wide roWs as they add neW columns to the roW for each neW 
instance. The pivot transform Where there is only one ?eld 
in the pivot 64 and data column 62 parameters is useful to 
aggregate all columns in a single column in the output table. 
This alloWs the user to then perform basic column functions, 
e.g., standard deviation, sum, average, minimum, maximum, 
etc., on the single transformed column to analyZe the cashier 
transaction data in the input table that Was previously spread 
across numerous columns. 

Conclusion 

This concludes the description of the preferred embodi 
ments of the invention. The folloWing describes some alter 
native embodiments for accomplishing the present inven 
tion. 
The preferred embodiments may be implemented as a 

method, apparatus or article of manufacture using standard 
programming and/or engineering techniques to produce 
softWare, ?rmWare, hardWare, or any combination thereof. 
The term “article of manufacture” (or alternatively, “com 
puter program product”) as used herein is intended to 
encompass one or more computer programs and data ?les 
accessible from one or more computer-readable devices, 
carriers, or media, such as a magnetic storage media, “?oppy 
disk,” CD-ROM, a ?le server providing access to the 
programs via a netWork transmission line, holographic unit, 
etc. Of course, those skilled in the art Will recogniZe that 
many modi?cations may be made to this con?guration 
Without departing from the scope of the present invention. 

Preferred embodiments Were described With respect to 
speci?c data structures, such as a rule table having columns 
of rules, and an arrangement of parameters to provide a 
vehicle for transferring commands to the pivot transform 
stored procedure program. HoWever, those skilled in the art 
Will recogniZe that modi?cations may be made to the 
architecture of the data structures used to convey pivot 
transform rules and still remain Within the scope of the 
present invention. 

Preferred embodiments Were described With respect to 
speci?c pivot operations to groups of aggregated columns 
into one or more columns in the output table. In further 
embodiments, other types of rules may be provided and 
included in the command data structure of the preferred 
embodiments to perform different types of pivot operations 
to pivot data from the input to the output table. 

In preferred embodiments, the pivot transform program 
Was executed in a stored procedure type program, such as 
that used in the IBM DB2 database system. HoWever, in 
further embodiments, different types of application 
programs, other than stored procedure programs, may be 
executed in the server 4 or even the client 6 to perform pivot 
operations in accordance With the command data structures 
of the preferred embodiments. 

In preferred embodiments, the input table and output table 
Were included in a database in the server in Which the pivot 
transform program is executing. In alternative embodiments, 
the rules, input table, and output table may be distributed at 
different storage locations at different netWork devices. 

In preferred embodiments, a client constructed the pivot 
operation command and communicated such commands to 
the database server. In alternative embodiments, the pivot 
operation command of the preferred embodiments may be 
executed on the machine used to construct the command. 

In summary, preferred embodiments disclose a method, 
system, program, and data structure for transforming at least 
one column in an input table. An input data table has 
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multiple columns and roWs. A determination is made of 
multiple data column names and multiple pivot columns in 
the input table. AroW is generated in an output table for each 
data column name, having one data column name ?eld 
including one data column name and at least one pivot 
column ?eld including the value in one pivot column ?eld in 
the input table, Wherein each of the roWs in the output table 
for each data column name has different values in at least 
one of the data column name ?eld and pivot column ?eld. 

The foregoing description of the preferred embodiments 
of the invention has been presented for the purposes of 
illustration and description. It is not intended to be eXhaus 
tive or to limit the invention to the precise form disclosed. 
Many modi?cations and variations are possible in light of 
the above teaching. It is intended that the scope of the 
invention be limited not by this detailed description, but 
rather by the claims appended hereto. The above 
speci?cation, eXamples and data provide a complete descrip 
tion of the manufacture and use of the composition of the 
invention. Since many embodiments of the invention can be 
made Without departing from the spirit and scope of the 
invention, the invention resides in the claims hereinafter 
appended. 
What is claimed is: 
1. A method for transforming at least tWo columns in an 

input table, comprising: 
determining an input data table comprised of multiple 

columns and roWs; 

determining multiple data column names; 
determining multiple pivot columns in the input table; and 
generating a roW in an output table for each data column 
name and for each pivot column value in each pivot 
column, having one data column name ?eld including 
one data column name and at least one pivot column 
?eld including the value in one pivot column in the 
input table, Wherein each of the roWs in the output table 
for each data column name has different values in at 
least one of the data column name ?eld and pivot 
column ?eld. 

2. The method of claim 1, Wherein each pivot column ?eld 
in one roW in the input table is copied to one pivot column 
?eld in one roW in the output table, thereby transferring 
?elds in multiple pivot columns in the input table to one 
pivot column in multiple roWs in the output table. 

3. The method of claim 2, Wherein one roW for each data 
column name and pivot column ?eld is generated in the 
output table for each roW in the input table. 

4. The method of claim 2, further comprising determining 
at least one carry over column in the input table, Wherein the 
roWs in the input table have different values in at least one 
carry over column, and Wherein one roW for each data 
column name is generated in the output table for each roW 
in the input table such that the roWs generated for one roW 
in the input table have the same values in the at least one 
carry over column ?eld and different values in the data 
column name ?eld and the at least one pivot column ?eld. 

5. The method of claim 1, Wherein for each pivot column 
?eld in the input table there is one roW in the output table 
having one data column name ?eld and pivot column ?eld 
including the pivot column name and corresponding pivot 
column value in the input table, respectively. 

6. The method of claim 1, Wherein determining multiple 
pivot columns in the input table comprises determining at 
least one pivot group including at least one pivot column in 
the input table, Wherein generating the at least one pivot 
column ?eld in the output table roW comprises generating a 
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pivot group column in the output table roW for each pivot 
group, Wherein each pivot group column in the output table 
includes a value in one of the pivot column ?elds in the pivot 
group in the input table, thereby aggregating the input table 
pivot columns into one pivot group in one pivot group 
column in the output table. 

7. The method of claim 6, further comprising determining 
at least one carry over column in the input table, Wherein 
each roW in the input table has a different value in at least 
one carry over column, and Wherein one roW is generated in 
the output table for each possible data column name and 
input table roW combination, such that the roWs generated 
for one roW in the input table have the same values in the at 
least one carry over column ?eld and different values in the 
data column name ?eld and the at least one pivot group 
column ?eld. 

8. The method of claim 6, Wherein pivot columns in one 
pivot group in the input table are of the same data type. 

9. The method of claim 6, Wherein the number of data 
column names and pivot columns in each pivot group is the 
same. 

10. A system for transforming at least tWo columns in an 
input table, comprising: 
means for determining an input data table comprised of 

multiple columns and roWs; 
means for determining multiple data column names; 
means for determining multiple pivot columns in the input 

table; and 
means for generating a roW in an output table for each 

data column name and for each pivot column value in 
each pivot column, having one data column name ?eld 
including one data column name and at least one pivot 
column ?eld including the value in one pivot column in 
the input table, Wherein each of the roWs in the output 
table for each data column name has different values in 
at least one of the data column name ?eld and pivot 
column ?eld. 

11. The system of claim 10, Wherein each pivot column 
?eld in one roW in the input table is copied to one pivot 
column ?eld in one roW in the output table, thereby trans 
ferring ?elds in multiple pivot columns in the input table to 
one pivot column in multiple roWs in the output table. 

12. The system of claim 11, Wherein one roW for each data 
column name and pivot column ?eld is generated in the 
output table for each roW in the input table. 

13. The system of claim 11, further comprising means for 
determining at least one carry over column in the input table, 
Wherein the roWs in the input table have different values in 
at least one carry over column, and Wherein one roW for each 
data column name is generated in the output table for each 
roW in the input table such that the roWs generated for one 
roW in the input table have the same values in the at least one 
carry over column ?eld and different values in the data 
column name ?eld and the at least one pivot column ?eld. 

14. The system of claim 10, Wherein for each pivot 
column ?eld in the input table there is one roW in the output 
table having one data column name ?eld and pivot column 
?eld including the pivot column name and corresponding 
pivot column value in the input table, respectively. 

15. The system of claim 10, Wherein determining multiple 
pivot columns in the input table comprises determining at 
least one pivot group including at least one pivot column in 
the input table, Wherein generating the at least one pivot 
column ?eld in the output table roW comprises generating a 
pivot group column in the output table roW for each pivot 
group, Wherein each pivot group column in the output table 
includes a value in one of the pivot column ?elds in the pivot 
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group in the input table, thereby aggregating the input table 
pivot columns into one pivot group in one pivot group 
column in the output table. 

16. The system of claim 15, further comprising means for 
determining at least one carry over column in the input table, 
Wherein each roW in the input table has a different value in 
at least one carry over column, and Wherein one roW is 
generated in the output table for each possible data column 
name and input table roW combination, such that the roWs 
generated for one roW in the input table have the same values 
in the at least one carry over column ?eld and different 
values in the data column name ?eld and the at least one 
pivot group column ?eld. 

17. The system of claim 16, Wherein pivot columns in one 
pivot group in the input table are of the same data type. 

18. The system of claim 15, Wherein the number of data 
column names and pivot columns in each pivot group is the 
same. 

19. An article of manufacture for use in transforming at 
least tWo columns in an input table, the article of manufac 
ture comprising computer usable media including at least 
one computer program embedded therein that causes the 
computer to perform: 

determining an input data table comprised of multiple 
columns and roWs; 

determining multiple data column names; 
determining multiple pivot columns in the input table; and 
generating a roW in an output table for each data column 
name and for each pivot column value in each pivot 
column, having one data column name ?eld including 
one data column name and at least one pivot column 
?eld including the value in one pivot column in the 
input table, Wherein each of the roWs in the output table 
for each data column name has different values in at 
least one of the data column name ?eld and pivot 
column ?eld. 

20. The article of manufacture of claim 19, Wherein each 
pivot column ?eld in one roW in the input table is copied to 
one pivot column ?eld in one roW in the output table, thereby 
transferring ?elds in multiple pivot columns in the input 
table to one pivot column in multiple roWs in the output 
table. 

21. The article of manufacture of claim 20, Wherein one 
roW for data column name and pivot column ?eld is gener 
ated in the output table for each roW in the input table. 

22. The article of manufacture of claim 20, further com 
prising determining at least one carry over column in the 
input table, Wherein the roWs in the input table have different 
values in at least one carry over column, and Wherein one 
roW for each data column name is generated in the output 
table for each roW in the input table such that the roWs 
generated for one roW in the input table have the same values 
in the at least one carry over column ?eld and different 
values in the data column name ?eld and the at least one 
pivot column ?eld. 

23. The article of manufacture of claim 19, Wherein for 
each pivot column ?eld in the input table there is one roW in 
the output table having one data column name ?eld and pivot 
column ?eld including the pivot column name and corre 
sponding pivot column value in the input table, respectively. 

24. The article of manufacture of claim 19, Wherein 
determining multiple pivot columns in the input table com 
prises determining at least one pivot group including at least 
one pivot column in the input table, Wherein generating the 
at least one pivot column ?eld in the output table row 
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comprises generating a pivot group column in the output 
table roW for each pivot group, Wherein each pivot group 
column in the output table includes a value in one of the 
pivot column ?elds in the pivot group in the input table, 
thereby aggregating the input table pivot columns into one 
pivot group in one pivot group column in the output table. 

25. The article of manufacture of claim 24, further com 
prising determining at least one carry over column in the 
input table, Wherein each roW in the input table has a 
different value in at least one carry over column, and 
Wherein one roW is generated in the output table for each 
possible data column name and input table roW combination, 
such that the roWs generated for one roW in the input table 
have the same values in the at least one carry over column 
?eld and different values in the data column name ?eld and 
the at least one pivot group column ?eld. 

26. The article of manufacture of claim 24, Wherein pivot 
columns in one pivot group in the input table are of the same 
data type. 

27. The article of manufacture of claim 24, Wherein the 
number of data column names and pivot columns in each 
pivot group is the same. 

28. A memory device including a command for perform 
ing a pivot operation on a computer database input table, the 
command comprising 

an input data table name parameter indicating the input 
table comprised of multiple columns and roWs subject 
to the pivot operation; and 

a data column parameter indicating multiple data column 
names; 

a pivot column parameter indicating multiple pivot col 
umns in the input table, Wherein a roW is generated in 
an output table for each data column name and for each 
pivot column value in each pivot column, having one 
data column name ?eld including one data column 
name and at least one pivot column ?eld including the 
value in at least one of the pivot column in the input 
table. 

29. The memory of claim 28, further comprising deter 
mining a carry over column parameter indicating at least one 
carry over column in the input table, Wherein the roWs in the 
input table have different values in at least one carry over 
column, and Wherein one roW for each data column name is 
generated in the output table for each roW in the input table 
such that the roWs generated for one roW in the input table 
have the same values in the at least one carry over column 
?eld and different values in the data column name ?eld and 
the at least one pivot column ?eld. 

30. The memory of claim 29, Wherein the pivot column 
parameter indicates at least one pivot group including at 
least one pivot column in the input table, Wherein generating 
the at least one pivot column ?eld in the output table roW 
comprises generating a pivot group column in the output 
table roW for each pivot group, Wherein each pivot group 
column in the output table includes a value in one of the 
pivot column ?elds in the pivot group in the input table, 
thereby aggregating the input table pivot columns into one 
pivot group in one pivot group column in the output table. 

31. The memory device method of claim 30, Wherein 
pivot columns in one pivot group in the input table are of the 
same data type. 

32. The memory device of claim 30, Wherein the number 
of data column names and pivot columns in each pivot group 
is the same. 


